We explored the effect of hepatocyte growth factor (HGF)/Met signaling pathway on nasopharyngeal carcinoma (NPC) cells in vitro and in vivo, and investigated the ability of Met tyrosine kinase inhibitor (TKI) to block HGF-induced biological signaling. Experimental design: Met TKI inhibitor PF-2341066 alone, or in combination with cisplatin, was investigated for its ability to block HGF-induced signaling and biological effects in vitro and in vivo. HGF/Met expression and activation of signaling in NPC cells were detected by using Western blot and immunohistochemistry. Biological evaluation, including wound healing, cell proliferation, and invasion of NPC cells, was also examined, and the correlation between HGF/Met expression of primary and metastatic tumor in NPC patients and clinical prognosis were also analyzed. Results: Met TKI inhibitor, PF-2341066, inhibited growth of NPC cells in vivo with half maximal inhibitory concentration of 0.79±0.21 µmol/L, and suppressed invasion and migration of NPC cells; also, the inhibition of PF-2341066 was synergized with cisplatin treatment. Compared with the control group, Met TKI inhibited metastasis of transplanted NPC in nude mice (the number of live metastases [mean ± SD]: 5.8±2.2 versus 11.8±2.2, P=0.03; the number of lung metastases: 2.3±1.5 versus 5.3±0.9, P=0.06). HGF was widely expressed in both primary and metastatic lesions while Met expression of metastatic lesions was higher than that of primary lesions (primary lesions: 24.7%; liver metastases: 40%; lung metastases: 29%; lymph node metastases: 29%, P,0.05), and overall survival of NPC patients with higher expression of Met was shorter (P=0.13). Conclusion: Our results demonstrated that HGF/Met signaling promoted NPC growth, further resulting in metastasis and poor prognosis. Met TKI, PF-2341066, showed potent antitumor activity in vivo and in vitro which was enhanced by combination with cisplatin. Our study implied that HGF/Met signaling was the potential therapeutic target in NPC, and blockage of the signaling could prevent growth and metastasis of NPC and derive clinical benefit.
Introduction
Nasopharyngeal carcinoma (NPC) is a squamous epithelial cancer arising from the lateral wall surface of nasopharynx, and which is distinctive in terms of ethnic and geographic distribution. [1] [2] [3] NPC can be classified into three subtypes including type I (keratinizing squamous carcinoma), type II (differentiated nonkeratinizing carcinoma), and type III (nonkeratinizing carcinoma with less differentiation). 4 Type III is the most common in epidemic areas and closely related to EpsteinBarr virus infection. 5, 6 However, the NPC of type III is more sensitive to radiotherapy and chemotherapy than other head and neck cancers, and radiotherapy and concurrent chemoradiotherapy is considered to be primary option of treatment. 
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The 5-year survival rate of stage I and II NPC treated with radiotherapy is up to 90%. 8, 9 However, the majority of NPC patients tend to be in the locally advanced stages or with distant metastasis (T3-4/N2-3) at initial diagnosis because the anatomical site of primary cancer is located in the silent painless area, 10 and the 5-year survival rate of advanced NPC ranges from 50% to 70%. 11, 12 The main factors which affect survival of NPC patients are recurrence and distant metastases. 13 Further, chemotherapy is poorly tolerated, and it was reported that only 45% of patients fully accomplished the planned chemotherapy because of substantial toxicities from concurrent chemoradiotherapy.
14 Thus, treatment of NPC remains a challenge. Targeted therapy promised a novel field of tumor researches, providing new hope. However, limited valuable discoveries were made. [15] [16] [17] [18] [19] Recently, numerous discoveries have focused on the role of hepatocyte growth factor (HGF)/Met signaling in cancers. HGF/Met activation results in activation of downstream signaling which leads to changes in cell behavior such as proliferation, survival, invasiveness, and angiogenesis. 20 Studies and clinical investigation provided powerful and comprehensive evidence that activation of HGF/Met kinase plays a significant role in a variety of tumors including lung cancer, gastric cancer, head and neck squamous cell cancer (HNSCC), breast cancer, and pancreatic cancer. 21 However, there are few researches on the role of HGF/Met signaling in development of NPC. PF-2341066 is a potent, orally bioavailable, ATP-competitive small molecule inhibitor targeting the catalytic activity of Met kinase. Studies showed that PF-2341066 could inhibit the growth, invasion, metastasis, and angiogenesis of tumors by repressing Met phosphorylation. 22 Our study aimed to explore the potential effect of the Met tyrosine kinase inhibitor, PF-2341066, on the biology of NPC, and to detect the HGF/Met expression in primary and metastatic lesions of NPC, which will provide a preclinical clue for Met-targeted therapy in NPC patients.
Materials and methods

Patients and specimens
Tumor tissues were obtained from NPC patients in our hospital during 2000-2009. Eighty-nine specimens were from primary tissues of patients who were diagnosed with local advanced tumor, and received radiotherapy later. Fifty-two metastatic samples were from patients who accepted metastases resection surgery. All patients consented to tissue collection for research in the development of oncology. Informed consent was obtained from all study subjects before sample collection. The Ethics committee of Sun Yat-Sen University Cancer Center approved the study protocol, and all patients provided written informed consent.
Materials and reagents
All of the NPC cell lines including CNE-1, CNE-2, HNE-1, SUNE-1, and the normal epithelial cell line NP69 were from the key laboratory of the Sun Yat-Sen University cancer center (Guangzhou, People's Republic of China). All NPC cells were cultured in RPMI 1640 medium supplemented with 10% fetal bovine serum (FBS) (Hyclone, Logan, UT, USA), 100 U/mL penicillin, and 100 µg/mL streptomycin (Thermo Fisher Scientific, Waltham, MA, USA). NP69 cells were maintained in serum-free medium (STEMCELL Technologies, Vancouver, BC, Canada). These cells were used within passage number four to six. All cells were cultured at 37°C in a 5% CO 2 -humidified incubator.
Antibodies used in this study included anti-Met antibodies for immunohistochemistry (Ventana, Harvard, MA, USA) and Western blot (Santa Cruz Biotechnology Inc., Dallas, TX, USA). Anti-phospho-Met (Upstate, NY, USA), anti-HGF, anti-AKT, anti-phospho-AKT, anti-MAPK, anti-ERK, anti-phospho-ERK, anti-vimentin, anti-Snail, and anti-glyceraldehyde 3-phosphate dehydrogenase (GAPDH) for Western blot were purchased from the same company (CST, Danvers, MA, USA), while Anit-phospho-Met were purchased from another company (Upstate, Syracuse, NY, USA). PF-2341066 was dissolved in dimethyl sulfoxide, allotted, and stored at −20°C for use in vitro while dissolved in water for intragastric administration.
cell proliferation assay HNE-1 cells were plated in 96-well plates at 3×10 3 cells/ well and grew in complete medium after serum-starving for 12 hours to minimize the influence of serum. After adherence, cells were treated with PF-2341066, cisplatin, or combination for 48 hours; 10 µL of Cell Counting Kit-8 (Dojindo, Kumamoto, Japan), was added to each well and incubated at 37°C for 2 hours. The optical density of the contents of each well was detected by using a microplate reader set at 450 nm. The percentage of cell death was calculated with the equation:
Cell death ratio = 1− cell viability ratio (1) scratch wound assay
Diluted HNE-1 cells in log growth phase were plated in sixwell plates for 24 hours and wounds were generated using sterile 200 µL pipet tips. Then, the cells were exposed to specific treatments and grew for 48 hours. Wound closure images were captured using an Olympus IX71 at 10× magnification and the migration distance was measured and analyzed.
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Matrigel invasion assay
Matrigel invasion was determined using an available kit (Transwell; BD Biosciences, San Jose, CA, USA) according to the kit instructions. Briefly, HNE-1 cells were suspended in serum-free medium at a density of 2×10 5 cells/mL. One hundred microliters of suspended cells and 100 µL of medium with or without drugs were added to each of the upper chambers. The cell-containing chambers were immersed in the bottom chambers filled with medium containing 10% FBS and were incubated for 40 hours at 37°C. Non-invading cells retained in the upper chamber were removed by cotton swab, while the invading cells were fixed with 10% methanol and stained with 0.1% crystal violet, and the number of migrated cells was quantitated using image-Pro plus software over a random composite of five microscopic images (N1, N2, N3, N4, N5), and the values were averaged as:
Western blot
HNE-1 cells were plated with low-serum medium (5% FBS). Culture medium was diluted with different concentrations of drug, and 50 ng/mL HGF was then added directly to the cells and incubated at 37°C. After 24 hours, cells were harvested, washed twice with pre-cold phosphate buffer solution, and lysed using lysis buffer (No 9803; CST) for 15 min at 4°C. The undissolved material was removed by centrifugation at 4°C 14,000 rpm for 15 minutes. An equal amount of cell extracts was separated by 10% sodium dodecyl sulfatepolyacrylamide gel electrophoresis gel and transferred to polyvinylidene fluoride membranes. The transferred membranes were probed overnight at 4°C with antibodies against Met, p-Met, AKT, p-AKT, ERK, p-ERK, vimentin, Snail, and GAPDH. Immunoreactivity was detected using anti-mouse or anti-rabbit IgG conjugated with horseradish peroxides, visualized by Electro-Chemi_Luminescence reagents (Merk, Kenilworth, NJ, USA), and exposed on X-ray films.
immunohistochemistry
Immunohistochemical stains were carried out by using an automated Nexus staining apparatus (Ventana Medical Systems, Harvard, MA, USA) following the manufacturer's guidelines. Antibodies to Met (1:200), HGF (1:250), p-AKT (1:150), and AKT (1:200) were used as the primary antibodies. Stained slides were observed and imaged by microscope. Immunohistochemical evaluation was performed using the histologic score (H-score) and reviewed by a head and neck cancer pathologist. Five fields (under a ×40 objective) from each slide were randomly selected, and the percentage of stained cells in each field were calculated. The staining intensity was scored as 0 (none), 1 (weak), 2 (moderate), or 3 (strong).
H-score = The percentage of stained cell × staining intensity ×100%
According to receiver operating characteristic curve, H-score $100 was considered as positive.
in vivo studies
Four-to 6-week-old male BALB/c (nu/nu) nude mice (specific pathogen-free, certificate number: 4304701265) were obtained from Hunan SJA Laboratory Animal Co., Ltd. (Changsha, Hunan, People's Republic of China), and maintained in the Animal Center of the north campus, Sun Yat-Sen University, under specific pathogen-free conditions. All experiments were conducted in accordance with National Institute of Health guidelines for the care and use of laboratory animals. HNE-1 cells ( 2×10 6 ) were implanted into the right flank of each mouse. After 3 days, a subcutaneous nodule began to grow up indicating that the xenograft models were successful. Mice were divided into four groups randomly and kept for 3 weeks. The PF-2341066 group was given 50 mg/kg/d PF-2341066 by oral gavages; the cisplatin group was injected intraperitoneally with 1 mg/kg/d cisplatin; the combination group was given both PF-2341066 and cisplatin with the same concentration; the control group was given gavages with sterile water and injected with normal saline. Tumor volume and mouse weight were measured every 2 days. After 3 weeks, mice were sacrificed and tumors were resected. Tumor samples were divided into two parts. Half was fixed in 10% formalin and paraffin embedded for hematoxylin and eosin staining and immunohistochemistry. The other half was snap frozen in liquid nitrogen and maintained at −80°C for Western blot analysis.
Statistical analysis
Differences were evaluated using Statistical Package for Social Science software (SPSS, Version 16.0; SPSS Inc., Chicago, IL, USA). Cell culture-based assays were repeated at least three times; data were expressed as mean ± standard deviation, and Student's t-test and the χ 2 -test were used respectively. P,0.05 was considered to be statistically significant. PF-2341066 inhibited the migration and invasion ability of HNE-1 cells.
The migration and invasion ability of NPC cells was highly initiated by HGF, and PF-2341066 could abrogate the biological responses induced by HGF in HNE-1 cells. Distance of NPC cell scramble at 48 hours was 0.99±0.11 mm in plates of PF-2341066 alone, 0.67±0.07 mm in cisplatin alone, and 0.33±0.05 mm in combination, (P,0.05) (Figure 2A) . A similar result was observed using Matrigel invasion assay: a statistically significant reduction of percent of cell invasion was demonstrated (P,0.001) after treatment with both PF-2341066 and cisplatin for 48 hours ( Figure 2B ).
PF-2341066 downregulated activation of Met signaling pathway in NPC cells.
We examined the total Met and phosphorylated Met in NPC cell lines and the normal epithelial cell line NP69 with or without drug treatment. We found that total Met protein expressed in all cells but phosphorylated Met was only detected in cancer cells ( Figure 3A) . As shown in Figure 3B , PF-2341066 inhibited Met phosphorylation, and two key downstream effector molecules of HGF/Met, AKT and ERK, were induced by HGF in a concentration-dependent fashion. The expression of Snail and vimentin were also inhibited, which was proved to be related with epithelial mesenchymal transition (EMT).
The antitumor activity of PF-2341066 in vivo
In in vivo test, PF-2341066 inhibited HNE-1 tumor xenograft growth in nude mice with 50 mg/kg/d, and inhibition rate was highest in the combination group (P=0.03), while weight loss was almost the same (P=0.77) ( Figure 4A and B) . Also, it was further confirmed that PF-2341066 inhibited not only the phosphorylation of Met, AKT, and ERK, but also enhanced inhibition of HGF/Met signaling pathway of cisplatin treatment ( Figure 4C ).
In in vivo study, we fixed lungs and livers of nodules and sectioned for hematoxylin and eosin staining. As shown in Table 1 , PF-2341066 also inhibited the metastatic lesions of HNE-1 in vivo, especially hepatic metastases.
expression of hgF/Met in nPc primary lesions was distinctive compared to that of metastatic lesions
We detected the expression of HGF/Met in 89 primary lesions and 52 metastatic lesions of NPC patients ( Figure 5A) ; the clinical data are shown in Table S1 . Our results indicated that HGF was widely expressed in NPC tissues, but the Met expression in primary lesions and metastatic lesions were significantly different. The Met expression was correlative to overall survival of NPC patients. The Met expression was higher with cases with poor overall survival (P=0.13) (Figure 5B) , and the Met expression of primary lesions was different from metastatic sites. Met expression in primary lesions was 24.7%, while the expression of Met in liver, lung, and lymph node metastases was 40%, 29%, and 29% respectively ( Table 2) .
Discussion
NPC is one of the common cancers in endemic areas with significant morbidity and mortality owing to its invasive phenotype and high metastatic potential.
1-3, 13 Further exploration into 
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Met tyrosine kinase inhibitor PF-2341066 the biological behaviors of NPC and new targets to seek better treatment for this devastating disease is necessary. Met is a 190 kDa receptor-like tyrosine kinase, and it is the only known high-affinity receptor for HGF in humans. Recently, studies demonstrated that activation of HGF/Met pathway played an important role in a variety of tumors. 23 HGF is secreted primarily by mesenchymal cells, especially by fibroblasts, and signals through ligation with Met in a paracrine manner. 24 HGF induces Met dimerization activating the tyrosine kinase by phosphorylation of tyrosine residues and cascade activation of various cytoplasmic effector proteins, including GAB1, GRB2, phospholipase C, and SRC, and further activation of downstream signaling pathways such as P13K/AKT/mTOR, Ras/Raf/Merk/ERK, and STAT3 that affect cell growth and Notes: (A) PF-2341066 inhibited migration of nPc cells. Diluted hne-1 cells in log growth phase were plated in six-well plates for 24 hours. Then, cells were exposed to specific treatments for 48 hours (PF-2341066 0.5 µmol/l, DDP 1 µg/ml, or both). Wound closure was measured using an Olympus iX71 at 10× magnification and compared with control. Distances of nPc cells scrambled at 48 hours were 0.99±0.11 mm in plates of PF-2341066 alone, 0.67±0.07 mm in DDP alone, and 0.33±0.05 mm in combination, which is shorter than in the control group (P,0.05). (B) PF-2341066 inhibited invasion of nPc cells. hne-1 cells were suspended in serum-free media at a density of 2×105 cells/ml. One hundred microliters of suspended cells and 100 µl media with designated control or drugs were added to each migration chamber (PF-2341066 0.5 µmol/l, DDP 1 µg/ml, or both). The cell-containing chambers were immersed in a lower chamber containing media with 10% fetal bovine serum and were incubated for 40 hours at 37°C. The number of migrated cells was quantified using Image-Pro plus software over a composite of five microscope images. Compared to the control group, a statistically significant reduction in cell invasion was demonstrated (79±13 versus 235±31, P,0.001) after treatment with both PF-2341066 and DDP for 48 hours. 
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Met tyrosine kinase inhibitor PF-2341066 reversed by Met inhibitor, PF-2341066. In addition, we found c-Met and HGF were both overexpressed in NPC tissues, and the expression of c-Met was related to metastasis and prognosis, which was consistent with previous reports on other tumors such as lung cancer and breast cancer. 27 Met amplification and point mutation is not yet reported in NPC. 28 Thus, we assumed that Met was predominantly activated by HGF in the tumor tissue (the so called "tumor microenvironment"), which was the same as most HNSCCs. 29 These findings suggested that the Met pathway played an important role in the growth and survival of NPC, and it was a driver signaling pathway similar to other tyrosine kinase pathways, such as EGFR-induced pathway, making it a potential target for therapy.
PF-2341066 is a well-known, effective, orally bioavailable inhibitor of the Met kinase. Our research revealed that PF-2341066 inhibited the growth of NPC cells and displayed invasion ultimately. 25 Met activation can occur through several molecular mechanisms, including gene mutation or amplification, protein overexpression, and a ligand-dependent autocrine or paracrine loop. 26 In vitro, we showed that Met pathway in all NPC cells was activated by exogenous HGF and could be Figure 4 The antitumor effect of PF-2341066 in vivo. Notes: nPc cells (two ×106) were injected into nude mice, and 7 days later tumors were measured and divided into four groups randomly and kept for 3 weeks. The PF-2341066 group was given 50 mg/kg/d PF-2341066 by oral gavages; the DDP group was injected intraperitoneally with 1 mg/kg/d DDP; the combination group was given both PF-2341066 and DDP in the above concentrations; the control group was given gavages with sterile water and injected with normal saline. 
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Met tyrosine kinase inhibitor PF-2341066 downstream pathways such as PI3K/AKT and MEK/ERK, which is similar to the results found in other HNSCCs. 30 It was implied that PF-2341066 could reverse the primary and acquired cisplatin resistance.
During the progression of epithelial malignance, the loss of epithelial features is often accompanied by declined contact inhibition, enhanced invasiveness, and transition to mesenchymal cells. Similar properties are shared with cells that during embryonic which is called EMT. EMT is a critical step in tumor chemotherapy resistance and metastasis. 31 Downregulation of epithelial marker E-cadherin and upregulation of mesenchymal marker vimentin are key transitions in EMT. 32 Also, in HNSCC, primary tumors with the low E-cadherin and high vimentin expression have a 100% metastasis rate compared to that of primary tumors with a 44% metastasis rate, which also supports the potential that these are predictive biomarker signatures for metastasis in HNSCC. 33 Numerous findings showed that PI3K/AKT signaling activated NF-κB to regulate the expression of Snail, inhibit the synthesis of E-cadherin, and then to facilitate cellular motility, as well as enhance invasiveness, 34 and Snail is also the key mesenchymal marker in EMT of HNSCC and promotes EMT. 35 Our study indicated that PF-2341066 downregulated Snail and vimentin by repressing Met signaling pathway, and then inhibited AKT activation. These results confirmed that inhibition of Met signaling pathway could not only inhibit the cell proliferation but also suppress EMT in NPC.
Most importantly, our findings of HGF/Met in primary lesions and metastatic lesions in NPC patients indicated that HGF was widely expressed in NPC. However, the expression of Met in primary lesions was lower than metastatic lesions and the highest expression was observed in liver metastatic lesions, thus suggesting activation of Met signaling pathway was closely related to enhanced invasiveness and metastasis. Meanwhile, previous researches demonstrated that patients with liver metastases had poorer prognosis and survival than those with other metastases, which meant patients with distant metastases, especially liver metastases, were most likely to benefit from Met-targeted therapy.
Our study is one of very few preclinical studies of the HGF/Met impact on invasion and metastasis of NPC. We found that Met expression in NPC primary tumors and metastases have significant differences, which implies that HGF/ Met pathway may play an important role in the invasion and metastasis of NPC. Further test in vitro and in vivo studies show that Met inhibitor PF-2341066 can inhibit activation of AKT and MAPK, reduce vimentin and Snail expression, and thus inhibit the EMT of NPC, which affects the cell's ability of proliferation, invasion, and metastasis. Our study suggests that HGF/Met signaling plays an important role in the development of NPC. Using only one cell line is one of the limitations of our study. It is not known whether other cell lines would respond differently to PF-2341066 or yield additional insights in the differential response to Met inhibition. Furthermore, there are potentially multiple chemotherapies for reinforcing the activity of the Met inhibitors that have not yet been tested. Despite these limitations, this study is the first to describe the use of Met inhibition in NPC, suggesting a potential role for PF-2341066 in the treatment of NPC in the future. 
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